ercutaneous coronary intervention (PCI) is now the standard treatment for acute coronary syndrome (ACS). The optimal outcome of reperfusion treatment includes not only sustained patency of the epicardial coronary artery, but also optimal reperfusion of the myocardium throughout the microvasculature. It has been reported that in patients treated with primary PCI, distal embolization may be visualized on the coronary angiogram of 15.2% of such patients. 1 Embolization may occur spontaneously following plaque rupture, although mechanical crushing and fragmentation of the culprit lesion during PCI is reported to be the major cause of distal embolization. 2 In attempt to improve myocardial reperfusion following PCI, thrombus aspiration has emerged as a technique to prevent distal embolization [3] [4] [5] [6] and has been demonstrated as effective in improving myocardial reperfusion. 7 Furthermore, it was shown recently to reduce the rate of 1-year cardiac mortality and nonfatal reinfarction. 8 However, the thrombus aspiration technique potentially may be complicated by systemic embolization, if the intracoronary thrombus is not completely aspirated by the guiding catheter and dislodges into the systemic circulation. We report 2 cases in which thrombus aspiration during PCI was complicated by systemic embolization.
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Case Reports

Case 1
A 70-year-old man with a history of coronary artery disease and hypertension was admitted to the Emergency Department (ED) because of inferior wall ST-elevation myocardial infarction (MI). Primary PCI was not undertaken because there had been a delay in arriving at the ED. He received aspirin 100 mg and clopidogrel 300 mg before PCI. Heparin was continuously infused and a bolus dose was given to keep the activated coagulation time (ACT) >300 s during the procedure. However, he experienced recurrent chest pain associated with high-degree atrioventricular block, so a temporary pacemaker was implanted and angiography was performed on day 3. It revealed total occlusion of the mid-right coronary artery (RCA) ( Figure  1A) . PCI was performed using a 7Fr guiding catheter through the femoral approach. The angiogram taken immediately after ballooning revealed that the vessel was occluded at a more proximal portion, most likely because of migration of the huge thrombus ( Figure 1B) . It was decided to remove the thrombus by aspiration using a Thrombuster catheter (Kaneka Corporation, Osaka, Japan, 7Fr), but contrast angiography revealed that the thrombus had migrated to the proximal RCA ( Figure 1C) . The patient experienced transient loss of consciousness, followed by irritable mood and paralysis of the left limbs. The PCI was discontinued. A large infarction of the territory of the right middle cerebral artery was confirmed by cranial computed tomography.
Case 2
A 53-year-old woman with a history of hypertension and dyslipidemia, presented at the ED because of prolonged chest pain. Inferior-wall ST-elevation MI was diagnosed and she received aspirin 250 mg, clopidogrel 300 mg and intravenous heparin infusion before PCI. The ACT was maintained at >300 s during the procedure. PCI was performed using a 7Fr guiding catheter through a radial approach and angiography revealed a critical stenosis with a floating thrombus in the mid-RCA (Figures 2A, B) . Because of concern about distal embolization of the fragile thrombus, we first attempted thrombus aspiration using a Thrombuster catheter (7Fr), but when the catheter was withdrawn while maintaining negative pressure in its lumen, there was nothing in it. When we tried to confirm the patency of the guiding catheter by aspirating some blood before injecting contrast medium, no blood could be withdrawn. Occlusion of the guiding catheter by the dislodged thrombus was suspected, so it was withdrawn with the catheter lumen being maintained in negative pressure in an attempt to avoid further dislodgment of the thrombus to the distal coronary or systemic circulation. When we aspirated through the side arm of the arterial sheath after removal of the guiding catheter, nothing was withdrawn, so dislodgement of the thrombus with occlusion of the sheath was suspected. We tried to remove the sheath with its lumen maintained in negative pressure in attempt to remove the thrombus with the sheath itself, but no clot was found inside the sheath and the left radial pulse was lost. The PCI was continued via a right femoral approach. Coronary angiography revealed absence of the floating thrombus in the mid RCA ( Figure 2C) . The culprit lesion was stented with a good angiographic result ( Figure 2D) . Duplex scan performed after the PCI revealed an intravascular lesion of heterogeneous echogenecity in the distal left radial artery (Figure 2E) , which was compatible with a clinical diagnosis of radial artery embolization. Heparin was continuously infused for 3 days followed by anticoagulation therapy with warfarin. Follow-up duplex scan assay 3 months after PCI procedure showed complete resolution of the thrombus ( Figure 2F ).
Discussion
We report 2 cases of systemic embolization as a complication of intracoronary thrombus aspiration used as an adjunct therapeutic modality for patients with ACS. To our knowledge, this is the first report of this important complication caused by coronary thrombus aspiration.
For both of the reported cases, the diameter of the thrombus was larger than the lumen of the aspiration catheter and may have been even larger than that of the guiding catheter as estimated on the angiogram (Figures 1C, 2A) . This discrepancy in diameter made it very difficult for us to withdraw the thrombus into either the aspiration catheter or the guiding catheter. Thus it remains possible that a large thrombus may become attached to the tip of the aspiration catheter during the aspiration procedure, but when the aspiration catheter is withdrawn into the tip of the guiding catheter, the relatively small orifice of the guiding catheter might impede withdrawal of the large thrombus. In the first case presented, the large thrombus dislodged into the proximal RCA. Because the mid-RCA remained occluded, when contrast medium was injected after the aspiration procedure it was impeded by the occluded lumen and thus flowed backward into the aorta, carrying the dislodged thrombus with it, which resulted in embolization of the cerebral artery. In the second case, removal of the large thrombus was impeded by the size of the tip of the Thrombuster catheter, then by the orifice of the guiding catheter, and finally by the ostium of the sheath, resulting in embolization of the radial artery.
We have demonstrated that thrombus aspiration, although beneficial in preventing embolization of the distal coronary circulation, can be complicated by embolization of the systemic arteries. Based on our experience with these 2 cases, we suggest several tips to prevent this complication. First, a large-diameter guiding catheter should be used if the diameter of the thrombus is large, to prevent any impedance of the thrombus during aspiration. Because it can be difficult to precisely estimate thrombus size from the diagnostic angiogram, a guiding catheter of 8Fr, the largest size available in most catheterization laboratories, should be considered for thrombus aspiration. Second, the tip of the guiding catheter should be well engaged in the coronary artery throughout the aspiration procedure, which will help retain the dislodged thrombus inside the coronary artery, rather than it being dislodged into the systemic circulation. Third, injection of contrast medium should be done gently rather than vigorously, to decrease the amount of backward flow, which may mobilize the dislodged thrombus and bring it into the aorta, as occurred in the first case described. For lesions with huge thrombus volume, even a large-lumen guiding catheter will not be able to accommodate the large thrombus, so intracoronary administration of thrombolytic agents should be performed to potentially reduce the size of thrombus and facilitate its aspiration. Further study is mandatory to prove the feasibility and efficacy of this potential adjunctive pharmacological therapy.
